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Summary
Objective: To describe the associations between hand osteoarthritis (OA), pain and disability in males and females and to further validate the
Australian/Canadian OA hand index (AUSCAN LK3.0).
Design: Cross-sectional study of 522 subjects from 101 Tasmanian families (males N=174, females N=348). Hand OA was assessed by two
observers using the Altman atlas for joint space narrowing and osteophytes at distal interphalangeal and first carpometacarpal joints as well
as a score for Heberden’s nodes based on hand photography. Hand pain and function were assessed by the AUSCAN LK3.0 and grip
strength by dynamometry in both hands on two occasions.
Results: The prevalence of hand OA was high in this sample at 44–71% (depending on site). Pain and dysfunction increased with age while
grip strength decreased (all P<0.001). All three measures were markedly worse in women, even after taking the severity of arthritis into
account. Hand OA explained 5.7–10% of the variation in function, grip strength and pain scores, even after adjustment for age and sex.
Further adjustment suggested that the osteoarthritic associations with function and grip strength were largely mediated by pain. Severity of
disease was more strongly associated with these scores than presence or absence. Lastly, the AUSCAN LK3.0 showed a comparable
association to grip strength with structural damage providing further evidence of index validity.
Conclusions: Hand OA at these two sites makes substantial contributions to hand function, strength and pain. The associations with function
and strength measures appear mediated by pain. Gender differences in all three measures persist after adjustment for variation in age and
OA severity indicating that factors apart from radiographic disease are responsible. © 2001 OsteoArthritis Research Society International
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Osteoarthritis (OA) is the leading musculoskeletal cause of
disability in most Western countries1. Involvement of differ-
ent sites has differing effects on function with perhaps the
greatest effect being observed with the more severe grades
of hip and knee OA1. However, hand OA has a very high
prevalence in the community with true population-based
estimates of 30–52%2–5. Despite this, the contribution of
hand OA to hand dysfunction, disability and pain is less
clear. The few studies performed to date have been incon-
sistent in their conclusions but have generally suggested
that hand OA contributes little to hand function despite
consistent negative associations with grip strength6–8. Not
surprisingly, others have questioned this9–11. The reasons
for variation between these studies are due, in part, to the
often small sample sizes, wide variation in measures of
function and different study samples. Similarly, hand OA606has long been documented to have a weak association with
pain yet factors modifying this association are unclear2. As
far as we are aware, no study has looked at which hand
compartments contribute to function and pain. In addition,
there have been few instruments developed which specifi-
cally assess hand function and symptoms12. The aim of
this cross-sectional family-based study was to describe the
associations between the different compartments of hand
OA and pain, disability and grip strength in both men and
women and to further investigate the validity of a newly
developed instrument for assessing hand function and pain
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Tasmania is an island state of Australia with a population
of 472,00014. It is primarily Caucasian in origin and gen-
etically reflects a European population15. Rheumatology
specialist services in Tasmania at the time of this study
were primarily provided by three rheumatologists in part-
nership in the capital city of Hobart who have provided a
statewide service since 1983. Subjects in the current study
were recruited from the records of this rheumatology prac-
tice. All subjects who had a physician diagnosis of OA of
the hand and a family history of at least one living relative
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Student’s t-test and Mann–Whitney U-tests were utilized
for comparison of means. Two different measures of agree-
ment were utilized (kappa statistic for binary measures and
intraclass correlation coefficients for ordinal measures).
Spearman correlation coefficients were used to test associ-
ations between the various ordinal variables. Linear mod-
eling with parametric methods was utilized for modeling.
Univariate methods were utilized initially to examine
associations with total pain and function scores and mean
grip strength. Results were then adjusted for age, gender
and OA at the other sites. Finally, results for function and
grip strength were adjusted for pain scores to examine if
this was mediating the OA associations. All R2 values were
adjusted for the number of variables. Even though a
number of dependent variables were ordinal in nature,
standard model assumptions were met in all cases. A
P-value less than 0.05 (two-tailed) or a 95% confidence
interval not including the null point were regarded as
statistically significant. All statistical calculations were
carried out on SPSS version 9.0 for Windows (SPSS,
Chicago IL, U.S.A.).Results
A total of 522 subjects from 101 families were studied
(response rate 78%). There were 348 females and 176
males. Demographic details are provided in Table I. Hand
OA was common in both sexes but there was wide variation
in severity. It was both more common and more severe in
women for all categories. The distributions of OA severity
were all skewed to the right. In addition, hand function
scores, pain and grip strength were all significantly worse in
women. The intraclass correlations for reproducibility of the
OA measures were all excellent (Heberden’s score 0.95,
osteophyte score 0.98, joint space narrowing 0.94).
Heberden’s nodes and X-ray scores correlated moder-
ately but not absolutely with each other (Heberden’swith OA of the hand were invited to take part in a study of
the genetic and environmental factors associated with this
disease. This study was granted ethical approval by the
Royal Hobart Hospital ethics committee (human experi-
mentation) and all subjects provided informed written con-
sent. Participants underwent a comprehensive protocol
involving collection of blood as well as detailed assessment
of hand OA, anthropometrics, environmental factors, pain
and function. Hand OA was assessed in two ways:
(1) A photograph of both hands was taken by an Elicar
Medical Macro MS2 camera. Photographs were then
scored as to the presence or absence of Heberden’s
nodes in each distal interphalangeal joint by two
investigators simultaneously with a single score
obtained by consensus without reference to X-rays
(GJ, HC). Subjects were then classified into presence
or absence of disease (0 vs 1 or greater) and total
score (0–8). Reproducibility was assessed 1 week
apart in 50 photographs with an appropriate wide
range of scores.
(2) Disease identified through X-rays was assessed
using the Altman atlas16 for joint space narrowing and
osteophytes at distal interphalangeal and first car-
pometacarpal joints from a single anteroposterior
radiograph of the hands performed according to a
standardized protocol by the same two investigators
simultaneously again with a single score obtained by
consensus. The scores for each component at each
joint could vary from 0–3. Subjects were then classi-
fied into presence or absence of disease (0 vs 1 or
greater) and total score at each anatomical site.
Scores for distal interphalangeal disease could vary
from 0–48 and first carpometacarpal disease from
0–12. Intraobserver reliability was assessed for both
total osteophyte and joint space narrowing scores one
week apart in X-rays from 45 different subjects with an
appropriate wide range of scores.
A new total OA score was then calculated by adding
together the Heberden node, distal interphalangeal and
carpometacarpal scores (0–68). Subjects were classified
into presence or absence of OA based on this score (0 vs 1
or greater). Due to their lower reported prevalence3 and
relative rarity at 24% of our sample and lower severity,
proximal interphalangeal as well as other sites, erosions
and deformity were not fully assessed.
Hand function, pain and stiffness were assessed by a
new self-administered instrument developed for the
specific assessment of these domains called the
Australian/Canadian Osteoarthritis Hand Index (AUSCAN
LK 3.0)13. This index as developed jointly in two multicul-
tural countries (Australia and Canada), through standard
process of item generation, rationalization and subsequent
assessment of reliability, construct validity and responsive-
ness. The clinimetric properties exceed acceptable stan-
dards. Retained items have a prevalence over 60%,
recurrence over 60% and mean importance greater than 2.
Construct validity was assessed against the Dreiser index
(r=0.76–0.96) and test–retest reliability was also assessed
(Cronbach’s  0.82–0.99). Responsiveness was also
assessed as significant in a NSAID washout trial
(P<0.001). The AUSCAN Index is available in English,
French, Spanish, Norwegian, and Dutch. It contains five
items referring to hand pain (pain at rest, pain when
gripping objects, pain when lifting objects, pain when turn-
ing objects and pain when squeezing objects); nine itemsrelating to difficulty with hand functions (taps, doorknobs or
handles, buttons, jewellery, jars, carrying pots, peeling
vegetables or fruit, picking up large heavy objects and
wringing out washcloths) and one question on severity of
morning stiffness in the last 48 h. The index uses a 48 h
time frame, responses being scaled on a five-point Likert
scale (0=none, 1=mild, 2=moderate, 3=severe, 4=
extreme). Total pain and function subscale scores are
created by adding each of the component variables. The
possible range of scores is 0–20 for pain and 0–36 for
function. A total score is created by adding all three
subscales (pain, function and stiffness). An asymptomatic
population would expect to score zero on the AUSCAN.
Grip strength was measured in both hands on two
occasions using a bulb dynamometer with the elbows
flexed (North Coast, U.S.A.). Subjects were instructed in
the technique prior to measurement. The device was cali-
brated prior to each session and the one research nurse
carried out all measurements. The intraclass correlation
coefficient for this in our hands was 0.95. Mean grip
strength was calculated by summing the four measures
and dividing by four. Grip strength has been validated in
hand OA where it has been found to be highly reproducible
and minimum important differences have been identified
but responsiveness to change is somewhat variable17.
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Characteristics of study participants
Males
(N=174)
Females
(N=348)
P-value for
difference
Age (years) 53.2 (14.0) 57.0 (15.0) 0.006*
Height (cm) 174.5 (6.8) 159.8 (7.2) <0.001*
Weight (kg) 84.1 (14.9) 69.8 (14.7) <0.001*
Heberden’s nodes (%) 44 66 <0.001
Carpometacarpal disease (%) 44 65 <0.001
Distal interphalangeal disease (%) 57 70 0.003
Any joint involved (%) 63 78 <0.001
Number of joints with any OA 3 (0–8)† 8 (1–10)† <0.001
Total osteoarthritis score (0–66) 5 (0–65)† 16 (0–66)† <0.001
ACR criteria for hand OA met (%) 36 56 <0.001
Total pain score 1 (0–13)† 3 (0–18)† <0.001
Total function score 0 (0–26)† 6 (0–27)† <0.001
Any hand pain (%) 51 70 <0.001
Any hand dysfunction (%) 41 79 <0.001
Mean grip strength (psi) 17.4 (4.6) 10.6 (3.0) <0.001*
*Unpaired t-tests, all others are Mann–Whitney U-test.
†Median (range), rest are mean (standard deviation).Table II
Agreement between pain and disability and OA of the hand subgroups: presence and severity
Hand OA subgroup Pain Dysfunction
Any disease
Kappa (95% CI)
Severity cutpoint*
Kappa (95% CI)
Any disease
Kappa (95% CI)
Severity cutpoint*
Kappa (95% CI)
Heberden’s nodes 0.22 (0.14–0.30) 0.26 (0.18–0.34) 0.35 (0.27–0.43) 0.41 (0.33–0.49)
Distal interphalangeal disease 0.16 (0.08–0.24) 0.23 (0.14–0.32) 0.30 (0.21–0.39) 0.35 (0.27–0.43)
Carpometacarpal disease 0.21 (0.13–0.29) 0.25 (0.16–0.34) 0.36 (0.28–0.44) 0.44 (0.36–0.52)
Any disease 0.17 (0.09–0.25) 0.26 (0.18–0.34) 0.31 (0.22–0.40) 0.43 (0.35–0.51)
*OA, pain and function scores split at the median score. The median scores were 1.5, 7.5, 1.5 and 12.5
respectively for the OA subgroups, 1.5 for pain and 1.5 for function.Table III
Factors associated with total hand pain scores
Factor Univariate
Standardized 
(P value)
Multivariate*
Standardized 
(P value)
Age (years) +0.22 (<0.001) −0.03 (0.67)
Sex (female vs male) +0.23 (<0.001) +0.14 (0.002)
Carpometacarpal score (units) +0.35 (<0.001) +0.14 (0.024)
Distal interphalangeal score (units) +0.32 (<0.001) +0.17 (0.003)
Heberden’s node score (units) +0.33 (<0.001) +0.13 (0.078)
*All factors in Table included. The R2 value for this model was 17% of which hand OA contributed 6.6%.node-distal interphalangeal disease P=0.74, Heberden’s
node-carpometacarpal disease P=0.47, carpometacarpal
disease-distal interphalangeal disease P=0.61, all
P<0.001). The  value for agreement between any
Heberden’s nodes and any DIP OA was 0.61 for males and
0.55 for females (P<0.001 for both).
Table II shows the agreement between the presence of
any and more severe OA in each of the three hand
compartments with function, grip strength and pain. Any OA
was defined as a score at any site of 1 or greater. The
severity cutpoint was defined as the median value for pain,
function and OA at that site. While all kappa values were
statistically significant, the magnitude of agreement beyondchance was poor. The kappa values were higher for more
severe involvement but the kappa values remained poor
with the exception of more severe disease and dysfunction
which were fair18. No significant differences were observed
for gender-based analyses (data not shown).
Table III shows the univariate and multivariate associ-
ations with total hand pain scores. In univariate analysis,
age, sex, and each of the three hand OA compartments
(Heberden’s nodes, distal interphalangeal and carpometa-
carpal) were significantly associated with pain. After adjust-
ment for other factors, sex, carpometacarpal and distal
interphalangeal scores but not age and node scores
remained statistically significant and explained 17% of the
Osteoarthritis and Cartilage Vol. 9, No. 7 609variation in pain scores. Table IV shows univariate and
multivariate associations with hand function scores and
mean grip strength. Results for both analyses were broadly
similar with age, sex, carpometacarpal and distal inter-
phalangeal scores explaining a large proportion of the
variation in these scores (R2 42% for function and 68% for
grip strength). The Heberden’s nodes score was significant
for function scores but not grip strength in multivariate
analysis. After further adjustment for pain scores, the OA
scores reduced markedly or became non-significant sug-
gesting that most of the effect of OA on hand function and
grip strength is mediated by pain. A statistically significant
association with age and sex remained after adjustment for
all of the above factors. Figure 1 documents the change in
each of these factors by quartile of severity of total hand
OA. Quartile one represents no radiographic disease. As
compared to those in the lowest quartile, those in the
highest quartile had approximately threefold higher dys-
function scores, four to ninefold higher pain scores and
35% lower mean grip strength (all P<0.001). Mean grip
strength correlated significantly with all AUSCAN LK 3.0
scales (total, −0.62, pain −0.45, function −0.66, stiffness
−0.38, all P<0.001).
Table V shows the correlation coefficients between the
various subscales of the AUSCAN LK 3.0 broken down by
gender. All coefficients were statistically significant but
weak to moderate in magnitude. The best function scale for
men was jars and for women jars and bags were similar.
Correlations with function were consistently higher in
women as compared with men. The best pain scale for men
was squeezing and for women rest, although these did not
vary greatly in the latter gender. Pain correlations with the
exception of squeezing were similar in both sexes. The
stiffness scale also correlated significantly with severity of
hand OA as did the total score.Table IV
Factors associated with total hand function score and mean grip strength
A. Function
Univariate
 (P value)
Multivariate step 1*
 (P value)
Multivariate step 2*
 (P value)
Age (years) +0.43 (<0.001) +0.15 (0.002) +0.17 (<0.001)
Sex (female vs male) +0.41 (<0.001) +0.30 (<0.001) +0.21 (<0.001)
Carpometacarpal score (units) +0.48 (<0.001) +0.19 (<0.001) +0.08 (0.015)
Distal interphalangeal score (units) +0.52 (<0.001) +0.15 (0.012) +0.08 (0.057)
Heberden’s node score (units) +0.48 (<0.001) +0.12 (0.019) +0.03 (0.34)
Total pain score (units) +0.77 (<0.001) NA +0.62 (<0.001)
The R2 value for step one model was 42% of which hand OA contributed 10%. The R2 value for step two model
was 73%.
B. Mean grip strength
Univariate
 (P value)
Multivariate step 1*
 (P value)
Multivariate step 2*
 (P value)
Age (years) −0.54 (<0.001) −0.32 (<0.001) −0.33 (<0.001)
Sex (female vs male) −0.66 (<0.001) −0.58 (<0.001) −0.55 (<0.001)
Carpometacarpal score (units) −0.48 (<0.001) −0.09 (0.010) −0.05 (0.15)
Distal Interphalangeal score (units) −0.53 (<0.001) −0.12 (0.012) −0.09 (0.052)
Heberden’s node score (units) −0.51 (<0.001) −0.04 (0.37) −0.01 (0.75)
Total pain score (units) −0.45 (<0.001) NA −0.21 (<0.001)
*Step 1 is after adjustment for all listed factors apart from pain. Step 2 included pain scores also. The R2 value
for step 1 model was 68% of which hand OA contributed 5.7%. The R2 value for step 2 model was 72%.Discussion
This cross-sectional study confirms the modest associ-
ations between the presence of disease and presence of
pain and disability reported by others. However, there was
stronger evidence of a dose response association with
severity of hand OA contributing 5.7–10% of the variation in
pain, function and grip strength. Indeed, an age effect on
pain was no longer observed after adjustment for OA.
Furthermore, the AUSCAN LK 3.0 demonstrated compar-
able sensitivity to grip strength for severity of OA with
gender differences in subscale scores.
Hand OA made similar and important contributions to
pain, function and grip strength. However, with the excep-
tion of pain, gender and age made greater contributions to
these scores. Pain is highly variable and the reference
period for the AUSCAN is 48 h, suggesting that some pain
may be missed. However, gender differences in pain and
function are well described19, although, the reasons for
these differences are not well understood. Our results
suggest that they are only partly due to anatomical disease
(within the limitations of X-ray assessment). Indeed, a
recent paper reported complete negation of the apparent
gender difference after adjustment for catastrophizing sug-
gesting that psychological factors may explain this differ-
ence19. The effect of age on function and grip strength may
well be explained by declines in the function of soft tissues
such as tendons, muscles and nerves which were not
assessed in this study.
Assessment of hand OA has been problematic and
remains controversial. Measurement tools can be radiologi-
cal and clinical and include the Kellgren and Lawrence
scale20, a revised and expanded version by Kallman21,
the Altman atlas16 and clinical scales10,22. While newer
techniques such as magnetic resonance imaging may be
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Fig. 1. The associations for quartile of severity of hand OA with
function, pain and grip strength. There is a highly statistically
significant trend association between OA severity and each of
these factors. There are marked gender differences within each
category of severity. Results are plotted as mean+S.E.M. Increasing
quartile of osteoarthritis severity: 1, ; 2, ; 3, ; 4, .Table V
Correlation of function and pain sub scales with severity of OA
broken down by gender
Males*

Females*

Difficulty scales
Taps 0.31 0.48
Doors 0.31 0.39
Buttons 0.45 0.46
Jewellery 0.28 0.47
Jars 0.48 0.54
Lifting pots 0.36 0.49
Peeling vegetables 0.38 0.41
Picking up bags 0.41 0.55
Rings 0.40 0.40
Pain scales
Rest 0.18 0.32
Gripping 0.24 0.26
Lifting 0.28 0.25
Turning 0.30 0.29
Squeezing 0.47 0.29
Stiffness 0.39 0.30
Total score 0.45 0.49
*All correlation coefficients are statistically significant at P<0.01.superior in terms of imaging, they do not lend themselves to
study in large populations, and the current gold standard is
X-ray. The Altman atlas has a similar scale to Kellgren and
Lawrence with the notable absence of grade 1 (doubtful)
but also includes detailed assessment of joint space nar-
rowing, erosions and malalignment16. In our hands, the use
of the this atlas with two simultaneous evaluators led to
excellent reproducibility for all measures, superior to those
reported by single investigators either with or without
atlases23–25. Perhaps due to this greater accuracy, we
were able to demonstrate that all three compartments of
hand OA made similar contributions to function and pain
but not grip strength. Our results do not support the
hypothesis that first carpometacarpal OA is of greater
clinical significance than distal interphalangeal OA although
it is possible that including pincer strength may have
modified these conclusions. Furthermore, both distal inter-
phalangeal OA and, to a lesser extent, Heberden’s node
made independent contributions suggesting that, while
they are clearly correlated with each other, they may have
a differing pathological basis. There is only one other paper
describing the association between distal interphalangeal
OA and Heberden’s nodes which reported a weaker associ-
ation than the current study26. In addition, multiple instru-
ments have been utilized to study hand function. These
include grip and pinch strength, Jebsen’s tests8, dexterity
tests6,7 and questionnaires12. Consistent associationshave only been observed with grip strength6–8,10,11. The
AUSCAN LK 3.0 results are encouraging with moderate but
statistically significant associations with severity of hand
OA for function, stiffness and, to a lesser extent, pain.
Indeed, hand OA explained a greater proportion of the
variation in the AUSCAN LK 3.0 function score than it did
for grip strength (10% vs 5.7%) even though baseline
correlations were similar. In addition, the variations in the
subscale associations between the sexes also merit further
investigation.
This study has number of potential limitations. Firstly, the
study was primarily designed as a family study into the
genetics of OA of the hand. As a result, the prevalence of
arthritis was higher and almost certainly more severe than
in the general population. Population-based studies of
hand OA are not available in Australia but this assertion is
consistent with the few population-based studies reported
to date2–5. The result of this has been greater power to look
at disease in general and especially more severe disease.
It is not possible to generalize from this study about the
prevalence of arthritis of the hand. However, this is less of
a problem in an aetiologic study which looks at exposure
outcome associations. Indeed, Miettinen states that for
these associations to be generalizable to other populations,
three key criteria need to be met regarding selection,
sample size and adequate distribution of study factors all of
which are met by this study27 suggesting that our findings
may be generalizable to other Caucasian populations.
Another potential limitation relates to the lack of data on
other sites affected by OA in the hand or rheumatoid
arthritis. Proximal interphalangeal disease was less
common and less severe in our sample at 24% overall.
However, it was most common (but milder) in those with
more severe DIP OA suggesting that some of the DIP
contribution to pain and function may be mediated through
PIP disease.
In conclusion, hand OA contributes up to 10% of the
variation in hand function, pain and grip strength. The
associations with function and strength measures appear
mediated by pain. Gender differences in all three measures
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